mutational spectra in all cancers, there are many codons (~150 in lung cancer and ~220 in all cancers combined) that can be targets of different missense mutations (Hainaut et ai, 1997) . The striking coincidence of the lung cancer mutational spectrum in smokers and the B[a]P adduct spectrum (Denissenko et al., 1996 (Denissenko et al., , 1998 , together with the dominance of G->T transversion mutations in these cancers, suggests that a large proportion of p53 mutations in lung cancer are not caused by The numbers were obtained from the p53 mutation database (Hainaut et at., 1997) and, for non-smokers, were updated from the literature (Takagi et al., 1998) .
endogenous processes, as implied by Krawczak and Cooper (1998) , but are caused by carcinogens of the PAH class found in cigarette smoke. Cooper and Krawczak critisize us for not including data on mutations in non-smokers. About 90% of human lung cancers are associated with smoking. p53 lung cancer mutations are generally more common in smokers than in non-smokers and the frequency of G-»T transversions on the non-transcribed strand is positively correlated with lifetime cigarette consumption (Suzuki etal., 1992) . As recognized previously (Greenblatt et al., 1994) , the mutational signature is very different between smokers and non-smokers. Only very few G->T mutations have been found in lung cancers from non-smokers (Takeshima et al., 1993; Takagi et al., 1995 Takagi et al., , 1998 Hernandez-Boussard and Hainaut, 1998) . Despite the limited number of p53 mutations in lung cancers of non-smokers, the distribution of mutations along the gene is clearly different from that in smokers and also is different from that in lung cancers associated with radon exposure (Figure 1) . The origin of the mutational hotspot at codon 249 in radon-associated lung cancers is controversial (Taylor et al., 1994; Venitt and Biggs, 1994; Hei et al., 1994; Bartsch et al., 1995; Lo et al., 1995) .
Ninety five percent of G->T transversions in lung cancer can be ascribed to guanines on the non-transcribed DNA strand (Greenblatt et al., 1994) . Slow repair of PAH-guanine adducts on the non-transcribed strand (including the mutational hotspots) is additional strong evidence that these mutations are caused by polycyclic aromatic compounds such as B[a]P found in cigarette smoke (Denissenko et al., 1998) . Smokers are chronically exposed. It is expected that continuous exposure, together with slow absorption of PAHs into the tracheal epithelium and extensive metabolism (Gerde et al., 1997) , provides sufficiently high DNA adduct levels. Sequenceselective adduct formation and poor repair of the non-transcribed strand contribute strongly to shape the mutational profile of the p53 gene in lung cancer.
In conclusion, none of the objections raised by Krawczak and Cooper can be substantiated and our conclusions remain as initially reported (Denissenko et al., 1996) . Takagi.Y. et al. (1995) Cancer Res., 55, 5354-5357. Takagi,Y. el al. (1998) 
